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Summary
Purpose: In this study 30 patients with symptomatic epilepsy caused by cavernomas
were investigated in a postoperative follow up study to assess predictors for post-
operative outcome with respect to indications, time and approach of surgery.
Methods: Thirty patients with cavernomas refractory to medical treatment were
scheduled for surgery based on the findings of high-resolution MR imaging and
intensive EEG-video monitoring. Postoperative outcome of epilepsy was assessed
by follow-up examinations based on the basis of classification by Engel and the
International League against epilepsy (ILAE).
Results: The following variables were associated with good postoperative outcome:
(1) complete resection of hemosiderin fringe surrounding the cavernoma was corre-
lated to less postoperative seizure frequency versus incomplete resection of the
hemosiderin fringe according to the outcome protocol of ILAE. (2) Lower duration of
epilepsy at the time of operation was correlated to a better postoperative outcome
with a benefit for recovery. (3) Absence of hemorrhage before surgery and unifocal
seizure onset was a predictor for a favorable outcome, whereas bilateral or multifocal
seizure onset zones showed poorer postoperative outcomes. (4) In patients with dual
pathology (hippocampal sclerosis in addition to a cavernoma), lesionectomy plus
hippocampectomy as opposed to lesionectomy only, had a better outcome than single
lesionectomy.
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Conclusion: Postoperative outcome in patients with cavernomas should be the topic
of further prospective multicenter studies involving a large number of patients. In
addition to the ideal operation time and handling of dual pathology the role of
extended resection including perilesional hemorrhages should be taken into account.
# 2007 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
Since the introduction of MRI, cavernous haeman-
giomas (cavernomas) are increasingly detected in
patients with epilepsy. In the detection of caverno-
mas T2*weighted gradient echo sequences are
superior to spin echo sequences.1—5 At an incidence
of 40—70%,4,6,7 epilepsy is the most common clinical
sign in patients harbouring intracerebral caverno-
mas, and is the leading cause of morbidity in these
patients.8 Surgical removal of the cavernoma (lesio-
nectomy) would appear to be the most successful
means of treating intractable epilepsy.9 In this pilot
study, 30 patients with symptomatic epilepsy caused
by cavernomas were investigated by postoperative
follow up to assess outcome predictors with parti-
cular emphasis on the indications for the timing of
and the type of surgery.Table 1 Outcome classification by the ILAE scheme
Outcome
classification
Definition
1 Completely seizure free; no auras
2 Only auras; no other seizures
3 One to three seizure days per year;
 auras
4 Four seizure days per year to 50%
reduction of baseline seizure days;
 auras
5 Less than 50% reduction of baseline
seizure days to 100% increase of
baseline seizure days;  auras
6 More than 100% increase of baseline
seizure days;  aurasPatients and methods
Thirty patients (m:f = 17:13) with cavernomas were
scheduled for surgery based on the findings of inten-
sive of high-resolution MR imaging and intensive
EEG-video monitoring. In addition to routine MR
sequences, FLAIR and gradient spin echo sequences
(T2*wFLASH) were applied to better display perile-
sional hemosiderin. Follow-up examinations that
averaged up to 4 years were based on standardized
documentation and clinical examination. Preopera-
tive high-resolution MRI including T1 and T2
weighted sequences comprising spin echo sequences
and gradient echo sequences was available. The MR
images were interpreted by two independent
experienced neuroradiologists, who were in agree-
ment concerning the location and diagnosis of the
lesion. Intensive EEG monitoring including video
monitoring and neuropsychological testing was
applied to all patients. Lesionectomy (excision of
the cavernoma only) was performed in 13 patients,
and extended lesionectomy (including an additional
1—3 cm of perilesional tissue) in 11 patients. A
modified temporal lobe resection comprising lesio-
nectomy plus tailored resection of the temporal
lobe, which also included hippocampectomy, was
done in six patients. This approach was applied in
patients with dual pathology, namely hippocampal
sclerosis and cavernoma. With all procedures,including microsurgical lesionectomy, the firm glial
layer, differing unequivocally in colour and consis-
tency from normal brain, was removed. Extended
lesionectomy implying was carried out if: (1) ECoG
investigations demonstrated persistent spike activ-
ity in tissue adjacent to cavernomas scheduled for
surgery, (2) in the presence of additional pathology,
i.e. hippocampal sclerosis in the preoperative MR
image, and (3) electrophysiology revealed distant
epileptogenic foci incompatible with the described
cerebrovascular lesion. When the cavernoma was in
close proximity to critical areas with a risk of caus-
ing postoperative functional impairment only lesio-
nectomy was performed. Postoperative outcome
was assessed on the basis of the classifications by
Engel10 and the International League against epi-
lepsy (ILAE)11 (Table 1).Results
The mean age at onset of the first seizure was 28.6
years (range: 5—60 years, S.D. = 15.5). The average
age of the patients at the time of surgery was 39.4
years (range: 19—62 years, S.D. = 12.4). In 19 of the
30 patients investigated, more than three different
antiepileptics, administered in combination, had
already been applied (average: 3.4 drugs/patient),
with no adequate control of the seizures being
achieved. The temporal lobe was the most common
location of the cavernomas in our study (70%),
which were found equally in temporomesial and
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Figure 1 Temporomesial cavernoma and cavernoma of
the white matter fraction of the right hemisphere (pre-
operative). (a) Temporomesial cavernoma, T2 weighted
image; coronal slice positioning; (b) temporomesial caver-
noma, inversion recovery; coronal slice positioning; (c)
cavernoma of white matter fration, T2 weighted image;
coronal slice positioning; (d) cavernoma of white matter
fration, inversion recovery; coronal slice positioning. Figure 2 T2 weighted coronal imaging of a postopera-
tive state of a cavernoma of the white matter fraction of
the right temporal lobe with complete resection of the
haemosiderin fringe.temporolateral regions (Fig. 1). In seven patients
the cavernoma was localized in the frontal lobe, in
two patients in the occipital region. Two patients
had multiple cavernomas located in one hemi-
sphere. Postoperatively 16 patients (53.3%) were
completely seizure free (Engel I A, ILAE 1); one
patient experienced occasional isolated auras
(Engel IB, ILAE 2); eight patients (26.7%) had a
drastic reduction in the frequency and severity of
seizures (Engel IIA-IIIB, ILAE 3—5); in four cases
(13.3%) no improvement was seen (Engel IVA-IVB,
ILAE 5). In one patient postoperative outcome was
not classified because he did not attend the follow-
ing up investigation. Our most important findings
that require further investigation is the fact that
extended resection including complete removal of
surrounding hemorrhages was correlated with a
reduced postoperative seizure frequency (ILAE
2.18) compared with incomplete resection of the
hemosiderin fringe (ILAE 3.86) (Table 2; Fig. 2).
Although non-parametric independent two group
comparisons by Mann-Whitney Test revealed no
statistical significance ( p = 0.079), the trend is
obvious in this point. In general, postoperative out-
come revealed no correlation with the location of
the cavernoma. There was no significant difference
in the postoperative outcome in terms of the sei-
zure frequency of patients with temporal caver-
noma as compared with patients with
extratemporal cavernoma. A comparison of post-operative outcome in patients with dual pathology
(hippocampal sclerosis and cavernoma) shows that
patients who underwent lesionectomy with addi-
tional (para)-hippocampectomy (43.3% of the
cases) experienced a significant reduction in post-
operative seizure frequency (ILAE2.9 S.D. = 1.77) in
comparison with patients undergoing lesionectomy
alone (56.6% of the cases) (ILAE2.1 S.D. = 1.75)
( p = 0.033). Further important prognostic factors
for postoperative outcome in our study were found
to be: (1) early surgery of the cavernoma, which
reduced the duration of preoperative epilepsy, was
correlated with a better postoperative outcome
(Table 3). The 91.7% of patients operated on within
2 years after clinical onset of epilepsy became
seizure free. A comparison of postoperative seizure
frequency by ILAE classification of the mentioned
group (ILAE1.4) with that of the patients with an
epilepsy duration of more than 2 years (ILAE3.0)
revealed a significantly better ( p < 0.05) outcome
associated with a short (up to 2 years) illness dura-
tion. (2) Absence of preoperative hemorrhage and
unifocal seizure was also a predictor of a favorable
outcome,while bilateral ormultifocal seizure onset
zones were associated with a poorer postoperative
outcome. The 28 out of 30 cavernoma patients
showed signs of a previous hemorrhage. Twenty-
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Table 2 Comparison of pre- and postoperative MRI findings to postoperative outcome
MRI hemorrhages
preoperative
MRI haemorrhages
postoperative
Postoperative
outcome
Duration in years (y) of
postoperative follow up
Intralesional — ILAE 1 Y 1/2
Intralesional — ILAE 4 extended
resection not possible!
Y 4
Perilesional Gliosis in neighboring region ILAE 5 Y 1/2
Perilesional — ILAE 1 Y 4
Perilesional — ILAE 1 Y 2
Perilesional Surrounding sclerosis ILAE 5 Y 1
Intralesional — ILAE 3 Y 4
Perilesional Older bleeding left temp.
-parietal and intralesional
ILAE 4 multiple cavernomas Y 4
Perilesional — ILAE 1 Y 4
Intralesional — ILAE 1 Y 3
Intralesional Perilesional ILAE 1 Y 1/2
ILAE 6 bilateral activity
Intralesional Perilesional ILAE 6 bilateral activity Y 4
Perilesional Perilesional ILAE 4 Y 4
2 lesions, bilateral activity
Intralesional — ILAE 1 Y 1
Intralesional — ILAE 1 Y 3
Perilesional — ILAE 4 Y 1
HS, 2 cavernomas
Intralesional — ILAE 5 bilateral aktivity Y 4
Perilesional Perilesional ILAE 1 Y 3
Perilesional Perilesional ILAE 2 Y 4
Perilesional — ILAE 1 Y 2
Intralesional — ILAE 1 Y 1/2
No bleeding Perilesional ILAE 1 Y 2
11  Perilesional 6  Perilesional Last outcome average:
ILAE 2.89
Average follow up
in years: 2, 610  Intralesional 1  Intralesional
1  No bleeding 15  No bleeding
LE, lesionectomy TR, tailored resection.
ELE, extended lesionectomy (lesion and focal epileptic activity in EcoG).
Table 3 Postoperative outcome and possible predictors
Variables All patients Seizure free Persisting seizures
Operated patients 30 (ILAE m. 2.4) 16 (53.3%) 14 (46.7%) (ILEA m. 3.9)
Mean age at first manifestation 28.6 33.4 23.1
Mean duration of epilepsy in years 10.9 4.6 18.1
Seizure frequency (days/month
with attacks)
5.5 5.6 5.5
Unifocal/multifocal findings in EEG 13/17 (ILAE m. 1.5/3.1) 11/7 2/10
Haemorrhage 17 (ILAE m. 2.9) 8 9
Surgery 13  Lesionectomy 9  Lesionectomy 4  Lesionectomy
11  Extended resection 4  Extended resection 7  Extended resection
6  Standard resection 3  Standard resection 3  Standard resection
Early first manifestation <16 years 6 (ILAE m. 3.3) 1 5
Localization 5  Frontal 4  Frontal 1  Frontal
22  Temporal 11  Temporal 11  Temporal
2  Occipital 1  Occipital 1  Occipital
1  Parietal 1  Parietal
Multiple cavernomas 4 (ILAE m. 4.0) 0 4
ILAE m., ILAE mean.
252 T. Hammen et al.one patients had MRI signs of a fresh or old hemor-
rhage. Patients with MRI evidence of intralesional
or perilesional bleeds, and who were subsequently
submitted to surgery, had a clearly poorer outcome
than did those with no such preoperative signs of
bleeding. Patients with preoperative MRI evidence
of a fresh or old hemorrhage had an average post-
operative result of 2.9/S.D. = 1.89 by the ILAE clas-
sification. This contrasts with 1.6 (s = 1.19) in
patients with no pre-operative signs of hemor-
rhage. Almost 85% of the patients with monofocal
activity became seizure free, compared with 41% of
those with multifocal disease. The former group
also showed a better outcome in the ILAE rating
scale (1.5) compared with patients with preopera-
tive multifocal activity (ILAE3.1) ( p = 0.017). (3)
None of the four patients with multiple cavernomas
became seizure free after resection of the (single)
lesion believed to be mostly responsible for epilep-
togenic activity.Discussion
Cavernomas are congenital vascular malforma-
tions, which occur in 0.4—0.5% of the general popu-
lation. Today they are classified as benign lesions,
which in principle can be removed completely by
surgical treatment. All studies are in agreement
that early operation, which reduces the preopera-
tive duration of epilepsy, is associated with a better
outcome. These results are supported by our study
as well as the overall positive effect of surgery in
which up to 94% of the patients became seizure
free, or at least experienced a marked reduction in
seizure frequency.12—14,8,6,15—17 With regard to the
surgical approach to dual pathology, most authors
support our findings that dual pathology (caverno-
ma + hippocampal sclerosis) must always be
considered when evaluating different approaches
of epilepsy surgery. (Para)-hippocampectomy
together with lesionectomy results in a better post-
operative outcome with a significant reduction of
postoperative seizure frequency than lesionectomy
of the cavernoma alone.18—20 A more controversial
point is the determination of the boundaries of
cavernoma resection. Our results indicate that a
satisfactory therapeutic outcome requires com-
plete elimination of the epileptogenic foci in which
extended lesionectomy should include perilesional
tissue if the EcoG reveals focal epileptic activity in
the latter. Comparable results were described by
Casazza et al., Cosgrove. and Cohen et al.6,19,21,22
In general the authors conclude that presurgical
evaluation must be tailored to the individual’s
pathology. The results reported by Cosgrove et al.imply that the postoperative outcome of lesionect-
omy plus corticectomy is slightly superior to lesio-
nectomy alone. Investigations of Cohen et al.
indicate that patients with shorter seizure histories
and fewer preoperative seizures can be effectively
treated by lesionectomy alone, whereas those with
longer histories and more seizures are not effec-
tively treated by this procedure and may require
more extensive resections. Studies which generally
attribute epileptic activity to the hemosiderin
fringe claim that epileptic activity is based on
the iron content of hemosiderin23—25 as well as
gliotic tissue alteration23 which is caused by recur-
ring perilesional hemorrhage. But this point is still
controversial. Studies of Casazza et al. and Zevgar-
idis et al. failed to find any substantial evidence
that additional excision of the hemosiderin-stained
tissue around the cavernoma provided better
results than merely resection of the caver-
noma.21,26 Our data reveal that in patients who
underwent epilepsy surgery the resection of the
hemosiderin fringe of cavernomas is associated
with a better postoperative outcome.Conclusion
Because of the limitations in our study the role of
surgery in the disease pattern mentioned above
should be the topic of further prospective multi-
center studies involving a large number of patients.
In addition to the ideal operation time and handling
of dual pathology the role of extended resection
including perilesional hemorrhages should be taken
into account. New diagnostic techniques (e.g. mag-
neto-encephalography (MEG)) should be evaluated
and integrated in the armamentarium of noninva-
sive diagnostic procedures of focal epileptic activity
and its spatial correlation to cavernomas and sur-
rounding hemorrhages.27References
1. Brunereau L, Labauge P, Tournier-Lasserve E, et al. Familial
form of intracranial cavernous angioma: MR imaging findings
in 51 families. French Society of Neurosurgery. Radiology
2000;214:209—16.
2. Kattapong VJ, Hart BL, Davis LE. Familial cerebral cavernous
angiomas: clinical and radiologic studies. Neurology
1995;45:492—7.
3. Massa-Micon B, Luparello V, Bergui M, et al. De novo caver-
noma case report and review of literature. Surg Neurol
2000;53:484—7.
4. Vaquero J, Salazar J, Martinez R, et al. Cavernomas of the
central nervous system: clinical syndromes, CT scan diagno-
sis, and prognosis after surgical treatment in 25 cases. Acta
Neurochir (Wien) 1987;85:29—33.
Prediction of postoperative outcome in patients with epilepsy and cavernous haemangiomas 2535. Zabramski JM, Wascher TM, Spetzler RF, et al. The natural
history of familial cavernous malformations: results of an
ongoing study. J Neurosurg 1994;80:422—32.
6. Cohen DS, Zubay GP, Goodman RR. Seizure outcome after
lesionectomy for cavernous malformations. J Neurosurg
1995;83:237—42.
7. Moran NF, Fish DR, Kitchen N, et al. Supratentorial cavernous
haemangiomas and epilepsy: a review of the literature and
case series. J Neurol Neurosurg Psychiatry 1999;66:
561—8.
8. Cappabianca P, Alfieri A, Maiuri F, et al. Supratentorial
cavernous malformations and epilepsy: seizure outcome
after lesionectomy on a series of 35 patients. Clin Neurol
Neurosurg 1997;99:179—83.
9. Yeh HS, Tew Jr JM, Gartner M. Seizure control after surgery
on cerebral arteriovenous malformations. J Neurosurg
1993;78:12—8.
10. Engel Jr J. Clinical neurophysiology, neuroimaging, and the
surgical treatment of epilepsy. Curr Opin Neurol Neurosurg
1993;6:240—9.
11. Wieser HG, Blume WT, Fish D, et al. ILAE Commission Report.
Proposal for a new classification of outcome with respect to
epileptic seizures following epilepsy surgery. Epilepsia
2001;42:282—6.
12. Arita K, Kurisu K, Iida K, et al. Surgical treatment for
intractable epilepsy caused by cavernous angioma in
the temporal lobe of the dominant hemisphere–—three
case reports. Neurol Med Chir (Tokyo) 2000;40:
439—45.
13. Belousova OB, Filatov Iu M, Shishkina LV, et al. Supratentorial
cavernomas: clinical picture, diagnosis, treatment. Zh Vopr
Neirokhir Im N N Burdenko 2003:2—6. [discussion 6—7].
14. Braun V, Antoniadis G, Rath S, et al. Cavernoma. Indications
for surgical removal and outcome. Nervenarzt 1996;67:
301—5.
15. Ojemann RG, Ogilvy CS. Microsurgical treatment of supra-
tentorial cavernous malformations. Neurosurg Clin N Am
1999;10:433—40.16. Schroeder HW, Gaab MR, Runge U. Supratentorial cavernous
angiomas and epileptic seizures: preoperative course and
postoperative outcome. Neurosurgery 1997;40:885.
17. Xie J, Ma Z, Luo S. The clinical features and treatment of
cerebral cavernous angiomas in children. Zhonghua Yi Xue Za
Zhi 2002;82:407—9.
18. Okujava M, Ebner A, Schmitt J, et al. Cavernous angioma
associated with ipsilateral hippocampal sclerosis. Eur Radiol
2002;12:1840—2.
19. Casazza M, Avanzini G, Ciceri E, et al. Lesionectomy in
epileptogenic temporal lobe lesions: preoperative seizure
course and postoperative outcome. Acta Neurochir Suppl
(Wien) 1997;68:64—9.
20. Kamada K, Isu T, Takahashi T, et al. Remote epileptogenic
focus detected by electrocorticogram in a case of cavernous
angioma. Acta Neurochir (Wien) 1994;127:236—9.
21. Casazza M, Broggi G, Franzini A, et al. Supratentorial caver-
nous angiomas and epileptic seizures: preoperative course
and postoperative outcome. Neurosurgery 1996;39:26—32.
[discussion 32—4].
22. Cosgrove GR. Occult vascular malformations and seizures.
Neurosurg Clin N Am 1999;10:527—35.
23. Kraemer DL, Awad IA. Vascular malformations and epilepsy:
clinical considerations and basic mechanisms. Epilepsia
1994;35(Suppl. 6):S30—43.
24. Volterra A, Trotti D, Tromba C, et al. Glutamate uptake
inhibition by oxygen free radicals in rat cortical astrocytes.
J Neurosci 1994;14:2924—32.
25. Satoh H, Matsui K. Electrical and mechanical modulations by
oxygen-derived free-radical generating systems in guinea-pig
heart muscles. J Pharm Pharmacol 1997;49:505—10.
26. Zevgaridis D, van Velthoven V, Ebeling U, et al. Seizure
control following surgery in supratentorial cavernous mal-
formations: a retrospective study in 77 patients. Acta Neu-
rochir (Wien) 1996;138:672—7.
27. Stefan H, Scheler G, Hummel C, et al. Magentencephalogra-
phy (MEG) predicts focal epileptogenicity in cavernomas. J
Neurol Neurosurg Psychiatry 2004;75:1309—13.
